I study the possibility of directly detecting Ultra-high energy (UHE from now on) WIMPs by the WIMPs interaction with the nuclei in the air. Since neutrinos dominate the events from the spherical crown near JEM-EUSO, all the events from this region are ignored in my work. Then I evaluate the numbers of UHE WIMPs and neutrino detected by JEM-EUSO at different energies (1 PeV < E < 100 EeV) in ten years, respectively. If the energy thresholds are taken to be 20 EeV, neutrino events can be almost rejected in the detection of UHE WIMPs. According to my evaluation, O(1) UHE WIMP events can be detected by JEM-EUSO at energies above 20 EeV in ten years.
Introduction
It is indicated by the Planck data with measurements of the cosmic microwave background that 26.6% of the overall energy density of the Universe is non-baryonic dark matter [1] . Weakly Interacting Massive Particles (WIMPs from now on), predicted by extensions of the Standard Model of particle physics, are a class of candidates for dark matter [2] . They are distributed in a halo surrounding a galaxy. A WIMP halo of a galaxy with a local density of 0.3 GeV/cm 3 is assumed and its relative speed to the Sun is 230 km/s [3] . At present, one mainly searches for thermal WIMPs via direct and indirect detections [4] [5] [6] [7] [8] [9] [10] [11] . Because of the very small cross sections of the interactions between these WIMPs and nucleus (maybe O(10 −47 cm 2 )) [6, 8] , so far one has not found dark matter yet. It is a reasonable assumption that there exist various dark matter particles in the Universe. Then it is possible that this sector may comprise of non-thermal (and non-relativistic) components. And these particles may also contain a small component which is relativistic and highly energetic. Although the fraction of these relativistic dark matter particles is small in the Universe, their large interaction cross sections (including between themselves and between them and the Standard Model (SM from now on) particles) make it possible to find them. Due to the reasons mentioned above, one has to shift more attention to direct and indirect detection of UHE WIMPs. In fact, A. Bhattecharya, R. Gaudhi and A. Gupta have discussed the possibility that the PeV events are UHE dark matter particles at IceCube in their work [12] . And it has been discussed the possibility that UHE WIMPs are indirectly probed by JEM-EUSO and IceCube via detecting UHE neutrino signatures from the earth core in my other work [13] .
The relativistic WIMPs are mainly generated by two mechanisms in the Universe. one is through the collision of UHE cosmic ray particles and thermal WIMPs. This collision will result in some UHE WIMPs flux. The other is that UHE WIMPs can also originate from the early Universe. There are a non-thermal dark sector generated by the early Universe with its bulk comprised of a very massive relic φ in the Universe. This superheavy dark matter [14] [15] [16] [17] [18] decays to another much lighter WIMPs χ and its lifetime is greater than the age of the Universe. This lead to a small but significant flux of UHE WIMPs [12, [19] [20] [21] [22] .
In the present work, I only focus on direct detection of the UHE WIMPs χ induced by the decay of superheavy dark matter φ (φ → χχ). These UHE WIMPs χ, which pass through the Earth and air and interact with nuclei, can be detected by a satellite detector like JEM-EUSO [23] , via fluorescent and Cherenkov photons due to the development of extensive air showers. In this detection, the main contamination is from the diffuse neutrinos in the Galaxy.
In what follows, I will estimate the UHE WIMP and background event rates from diffuse neutrinos in JEM-EUSO. And It is discussed the possibility of direct detection of UHE WIMPs induced by the decay of superheavy dark matter.
UHE WIMPs flux in the Galaxy
I consider a scenario where the dark matter sector is composed of at least two particle species in the Universe. One is a co-moving non-relativistic scalar species φ, with mass m φ ≥ 1 PeV, the other is much lighter particle species χ (m χ ≪ m φ ), due to the decay of φ, with a very large lifetime. And χ comprises the bulk of present-day dark matter. The lifetime for the decay of heavy dark matter to standard model (SM from now on) particles is strongly constrained (τ ≥ 10 27 − 10 28 s) by diffuse gamma and neutrino observations [24, 25] . In the present work, τ φ is taken to be 10 27 s. The UHE WIMPs flux in the Galaxy is obtained via the following equation [21] :
UHE WIMP interaction with nuclei
In the present paper, I take a Z' portal dark matter model [26, 27] for WIMPs to interact with nuclei within the JEM-EUSO detecting zone (see Fig.1 ). In this model, a new Z' gauge boson is considered as a simple and well-motivated extension of SM (see Fig.1 (a) in Ref. [12] ). And the parameters in the model are taken to be the same as the ones in Ref. [12] , that is, the interaction vertexes (χχZ' and qqZ') are assumed to be vector-like, the coupling constant G (G = g χχZ g qqZ ) is chosen to be 0.05 and the Z' and χ masses are taken to be 5 TeV, 10 GeV, respectively. Theoretical models that encompass WIMP spectrum have been discussed in the literature in terms of Z or Z' portal sectors with Z' vector boson typically acquiring mass through the breaking of an additional U(1) gauge group at the high energies (see Ref. [26, 27] ). The UHE WIMP interaction cross section with nucleus is obtained by the following function(see Fig.1 (b) in Ref. [12] ):
where E χ is the UHE WIMP energy.
For neutrino energies above 1 PeV, the interaction cross sections with nucleus are are given by simple power-law forms [28] :
where E ν is the neutrino energy.
Then the above equations show that σ χN is smaller by 6-7 orders of magnitude, compared to σ ν,νN , at the same energies. The WIMP and neutrino interaction length can be obtained by
where N A is the Avogadro constant, and ρ is the density of matter, which WIMPs and neutrinos interact with.
Evaluation of the numbers of UHE WIMPs and neutrinos detected by JEM-EUSO
JEM-EUSO is a space science observatory to explore the extreme-energy cosmic rays and upward-going neutrinos in the Universe [29] . It will place on International Space Station whose altitude H is about 400 km, and orbit the earth every ∼ 90 min. The JEM-EUSO telescope has a wide field of view (FOV: ±30 • ) and observes extreme energy particles in the two modes (nadir and tilted modes) via fluorescent and Cherenkov photons due to the development of extensive air showers. The nadir mode of JEM-EUSO is only considered in my work. JEM-EUSO has a observational area of about 2 × 10 5 km 2 in this mode. The duty cycle for JEM-EUSO, R, is taken to be 10%.
UHE WIMPs reach the Earth and pass through the Earth and air, meanwhile these particles interact with matter of the Earth and air. Photons are produced by extensive air showers due to UHE WIMPs interaction with nuclei within the JEM-EUSO detecting zone (see Fig. 1 ). A small part of these photons will be detected by the JEM-EUSO detector. The number of UHE WIMPs, N det , detected by JEM-EUSO can be obtained by the following function:
where T is the lifetime of the JEM-EUSO experiment and (AΩ) ef f = the observational area × the effective solid angle × P(E,D e ,D). In what follows, I will make a rough study of (AΩ) ef f and then evaluate the numbers of UHE WIMPs detected by JEM-EUSO. Here I make an assumption that the observational area of JEM-EUSO is regarded as a point in the calculation of the effective solid angle Ω. Under this approximation,
where A is the observational area, R e is the radius of the Earth, θ is the polar angle for the Earth (see Fig. 1 ), θ max is the maximum of θ, D e = R e (1 + cosθ)
The background due to diffuse neutrinos is roughly estimated with a diffuse neutrino flux of E 2 Φ ν = 0.95 ± 0.3 × 10 −8 GeV cm −2 s −1 sr −1 [12] , where Φ ν represents the per-flavor flux, by the above method.
Results
The numbers of UHE WIMPs and neutrino detected by JEM-EUSO are evaluated at different energy at different θ, respectively. We can obtain UHE WIMP percentages in the upward-going events detected by JEM-EUSO by
where N W IM P and N ν are the numbers of UHE WIMPs and neutrinos detected by JEM-EUSO, respectively. Fig. 2 shows WIMP% at different energy at different θ. From this figure, we can know neutrinos dominate the detected upward-going events in the spherical crown near the observational area of JEM-EUSO. So the events from this zone should be ignored. Besides, this figure shows neutrinos dominate upward-going events at low energy but WIMPs dominate upward-going events at high energy. Then I evaluate the numbers of UHE WIMPs and neutrino detected by JEM-EUSO at different energy (1 PeV < E < 100 EeV) at the different θ max (150
• , 120
• , and 90 • ) in ten years, respectively (see Fig.3-5 ). Fig. 3 shows that the numbers of UHE WIMPs and neutrinos at θ max = 150
• . If the energy threshold for JEM-EUSO is taken into account (about 20 EeV [30] ), the numbers of the detected UHE WIMPs can reach about 5 and 2 at at the energies with 20 EeV and 100 EeV, respectively. Fig. 4 shows that the numbers of UHE WIMPs and neutrinos at θ max = 120
• . The numbers of the detected UHE WIMPs can reach about 2.7 and 1 at at the energies with 20 EeV and 100 EeV, respectively. Fig. 5 shows that the numbers of UHE WIMPs and neutrinos at θ max = 90
• , respectively. The numbers of the detected UHE WIMPs can reach about 1.4 and 1 at the energies with 20 EeV and 50 EeV, respectively.
Conclusion
According to the results described above, it is possible that UHE WIMPs are directly detected with a satellite detector like JEM-EUSO. I make an approximation that the observational area is regards as a point in the calculation of the solid angle. This produces some deviations for the event rates of UHE WIMPs and neutrinos, but they can not have an effect on the conclusion that O(1) UHE WIMP events can be detected by JEM-EUSO in ten years, especially, θ max is a less value, such as θ max ≤ 120
• , .
Since Φ χ is proportional to 1 τ φ , the above results are actually depended on the lifetime of superheavy dark matter. In my other work [13] , the lifetime of superheavy dark matter is taken to be 10 18 s. Since I assume the superheavy dark matter φ does not decay to SM particles in that work, the constraints on the φ lifetime are only those based on cosmology [31] [32] [33] [34] . Considering these constraints and the present-day relic abundance, I assume that the lifetime of φ is greater than the age of the Universe, i.e., τ φ ≥ 10 17 s [12] . However, here I don't make that assumption, that is the superheavy dark matter φ can decay to SM particles. So τ φ is taken to be 10 27 s in the present work. 
